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and EGTA, and the L-type Ca 2+ channel blocker nifedipine. On the other hand, they had no effects on the cellular uptake of 2CdA.
These results indicated that lipid rafts partly contributed to 2CdA-induced apoptosis by regulating Ca 2+ influx via the plasma membrane.
Introduction
2-Chloro-2'-deoxyadenosine (2CdA; Cladribine) is a purine nucleoside analog that is cytotoxic to lymphoid cells (1) . It is currently used in treatment of indolent lymphoid malignancies, including hairy cell leukemia, chronic lymphocytic leukemia and low-grade lymphoma (1) (2) (3) (4) . It was also reported to be effective as an immunosuppressive drug (5). In a previous study, we have reported that 2CdA-induced apoptosis in MOLT-4 cells depends on the synthesis of proteins and the activation of caspase-3 (6) . Two major apoptotic pathways induced by 2CdA have been reported. One pathway is associated with ligation of Fas receptor leading to the activation of caspase-8 and -3 (6) , and another pathway involves the release of cytochrome c from mitochondria, which activates caspase-9
followed by the activation of caspase-3 (7,8 with reflected-light fluorescence. 
Measurement of apoptosis

Flow cytometry and fluorescence microscopy for analysis of GM1 on the cell surface
[ 3 H]thymidine incorporation
Cells ( µCi/well) for 3 h, and harvested on GF/A glass fiber filters using a cell harvester, and the radioactivity of the filters was counted using a scintillation counter.
Measurements of [Ca 2+ ] i
The intracellular Ca superfused with medium at a flow rate of 1 ml/min at room temperature.
Data analysis
Data are presented as the means ± SEM. Comparisons were made by the paired Student's t-test. P<0.05 was considered to be significant. (Fig. 1D) . Disruption of lipid rafts also inhibited 2CdA-induced apoptosis in NALM-6, BALL-1 and Jurkat cells (Fig. 2) . From these results, we concluded that lipid rafts played a crucial role in 2CdA-induced apoptosis in these four ALL cell lines. Fig. 3B and 3C ). This suggested that the cellular uptake of 2CdA was not required for the formation of lipid rafts.
Results
Disruption of lipid rafts prevents
Lipid rafts are important for entry of extracellular calcium.
It has been indicated that Ca 2+ ions play a crucial role in the induction of apoptosis in lymphocytes (11, 12) (Fig. 4C) , it was concluded that Ca 2+ influx from the extracellular space was required for it.
Furthermore, nifedipine (an L-type Ca 2+ channel blocker)
partially prevented 2CdA-induced apoptosis (Fig. 4C) ,
suggesting that membrane L-type Ca 2+ channels play an important role in it. These results suggested that the elevation of [Ca 2+ ] i required for 2CdA-induced apoptosis resulted from an influx via L-type Ca 2+ channels that was modulated by lipid rafts.
Discussion
In the present study, we showed that the disruption of lipid rafts by MβCD or filipin significantly abrogated 2CdA-induced apoptosis in T-and B-leukemia cell lines. These results indicate the crucial role of lipid rafts in 2CdA-induced apoptosis in leukemia cells. Since 2CdA is transported into the cell by nucleoside transporters on the plasma membrane (30, 31) , then converted to its triphosphate form, 2CdATP, and incorporated into DNA to inhibit DNA synthesis (32), we investigated the contribution of lipid rafts to the cellular uptake of 2CdA. Neither MβCD nor filipin had any effect on the cellular uptake of 2CdA, the incorporation into DNA or the inhibition of DNA synthesis. We therefore concluded that lipid rafts did not contribute to the cellular uptake of 2CdA.
It has been reported that [Ca 2+ ] i has a crucial role in the induction of apoptosis in lymphocytes (11, 12) , and it was shown that elevated [Ca 2+ ] i contributed to 2CdA-induced apoptosis (10) . In this report, we clarified that 2CdA increased 
